Wireless Sensor Network Aided Cognitive Femtocell Networks  by Ghosh, Joydev et al.
 Procedia Computer Science  48 ( 2015 )  461 – 466 
Available online at www.sciencedirect.com
1877-0509 © 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
(http://creativecommons.org/licenses/by-nc-nd/4.0/).
Peer-review under responsibility of scientific committee of International Conference on Computer, Communication and Convergence (ICCC 2015)
doi: 10.1016/j.procs.2015.04.120 
ScienceDirect
 
International Conference on Intelligent Computing, Communication & Convergence 
 (ICCC-2014) 
Conference Organized by Interscience Institute of Management and Technology, 
Bhubaneswar, Odisha, India 
 Wireless Sensor Network Aided Cognitive Femtocell Networks 
 
Joydev Ghosh1, Uttam Nandi1, Subham Bachhar2, Prasun Das3, Oindrila 
Bhattacharya4 
1The New Horizons Institute of Technology,Durgapur,West Bengal,INDIA 
2Dr. B. C. Roy Engineering College, Durgapur,West Bengal,INDIA 
3Future Institute of Engineering and Management, Kolkata, West Bengal, INDIA 
4Netaji Subhash Engineering College, Kolkata, West Bengal, INDIA 
 
Abstract 
The radio spectrum is underutilized and salient application of cognitive radio (CR) is to capitalize the spectrum resources 
more effectively by opportunistically utilizing radio spectrum not utilized by primary networks, referred to as spectrum 
holes. When facilited by a sensor network, the cognitive femtocell will be able to use frequencies other than the macrocell 
network and also, enhance its power to cover macrocell edge areas. The foremost objectives of the wireless sensor 
network routing protocol design are stabilized network energy consumption and extending the entire network lifespan. In 
this paper, we analyze the effectiveness of Low Energy Adaptive Clustering Hierarchy (LEACH) protocol in cluster-head 
selection. It takes node’s residual energy and position information into account, the selection method of the threshold for 
electing cluster-head is optimized, normal nodes select the optimal cluster-head based on the cost function which 
improves optimal cluster-head selection strategy. Finally, the effectiveness of the scheme is verified by extensive matlab 
simulation. 
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1. Main text  
Research on CR unveil that innovative and promising technologies such as opportunistic spectrum access 
[1][4] and spectrum sensing [5] was proposed in the EU FP7 project SENDORA. SENDORA is a promising 
technology in which Cognitive Radio technology is supported by Sensor Network. SENDORA utilizes 
wireless sensor networks (WSNs) to aid the coexistence of licensed and unlicensed wireless users in an area 
[6]. The network of cognitive users, called femtocell network or secondary network, first communicates with 
the wireless sensor network. The wireless sensor network (WSN) supervises the spectrum usage, and is thus 
conscious of the holes that are currently available and can potentially be exploited by the femtocell network.  
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This intelligence is provided back to the femtocell network. The secondary users are then able to 
communicate without causing destructive cross-tier interferences to the licensed network, called the macrocell 
network [7]. The architecture of CR technology consists of the communication architecture, the sensing 
architecture and the fusion centre which connects the communication and sensing architecture [12]. The 
fusion centre is an entity which receives detecting data aggregated by the wireless sensor network (WSN) and 
evaluates the spectrum usage condition in the area covered by the ad-hoc wireless sensor network (ad-hoc 
WSN) [11]. The fusion centre is communicating with the communication network aiding it with the 
intelligence. It is essential to run cognitively in an optimum way. The wireless sensor network (WSN) is 
having quite a few number of sensor nodes that are exploited densely over the network and a sink. The sink 
node may be placed either inside or outside the network. WSNs are intelligence ad-hoc networks, and since 
they have the capability to operate in harsh environments where human monitoring strategies are hazardous, 
the sensor nodes can be randomly exploited in the interest by relatively uncontrolled means [2]. The sensor 
devices are battery operated, with low power and limited storage capacity [10]. However, non-rechargeable 
battery of the sensor node is not replaceable. Hence, efficient energy management plays a very crucial role in 
enhancing the lifespan of the network. Clustering is the best way to manage the energy consumption. One 
such clustering algorithm is the LEACH (Low-Energy Adaptive Clustering Hierarchy) protocol [3]. 
     The major contributions of this paper are highlighted below- 
 Delayed the first node dies(FND) 
 Deceleration in the death of nodes, which means elongates survival time of the network. 
 Reduction in the energy consumption of the network 
The paper is organized as follows: Section 1 deals with the related work, section 2 specifies the system 
model whereas section 3 details the simulation model. Simulation results and discussions are provided under 
section 4 and section 5 concludes the paper. 
2. System Model 
LEACH splits the total network into quite a few number of clusters, and the survival time of the network 
is split into number of rounds, every round is having a set-up phase and a steady state phase [8],[9]. In the 
setup phase, the clusters are formed and a cluster-head (CH) is chosen for each cluster. Whereas in the steady 
phase, data is detected and sent it to the central base station. The steady phase is longer than the setup phase. 
This is executed in order to reduce the overhead expenses. 
 Set-up phase- A preset fraction of nodes, p, pick out themselves as cluster-heads throughout the time of 
the setup phase based on a threshold value, T (n). G is the set of nodes which have not become the cluster-
head in last 1/p rounds. The node which has the tendency to become a cluster head will pick out a value in 
between 0 and 1. If this picks out, haphazard number is lesser than the threshold value, T (n), then the node 
will be converted into the cluster-head (CH) for the present round. The threshold value, T(n) is set as given in 
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[14]. Then every elected cluster-head (CH) telecasts bulletin information to the remaining nodes in the 
network to invoke them to connect their clusters. The non-cluster head nodes come to a resolution to connect 
the clusters depending upon the strength of the bulletin signal. The non cluster head nodes then intimate their 
corresponding cluster-heads that they will be under their cluster by transmitting an acknowledgement 
message. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig.3. Data transmission to BS in LEACH algorithm 
 
After getting the acknowledgement message, based on the number of nodes under their cluster and the 
categories of informations desired by the network in which the ad-hoc wireless sensor network is installed, the 
cluster-heads make a time division multiplexing access (TDMA) schedule and allocates time slot for each 
node in which it can transmit the detected data and also telecast to all the cluster-members. When the size of 
any cluster is too large, the cluster-head can pick out another cluster-head for its cluster. Once the cluster head 
is chosen for the current round can never again the cluster head until and unless all the other nodes in the 
network have not become the cluster-head. 
   Steady State Phase- The non-cluster head nodes start sensing to detect data and transmit it to their cluster-
head as per the time division multiple access (TDMA) schedule in the steady state phase. The cluster-head 
node receives data which have been transmitted by all the member nodes, thereafter, aggregation is done and 
forwarded it to the base-station. The network once again functioning into the setup phase after certain period 
of time and the time period is set at priori and new cluster-heads are picked. The nodes belonging to other 
clusters are basically create destructive interference, hence, each and every cluster convey the information 
from source to destination using different code division multiple access (CDMA) codes to reduce the 
unwanted interference effect. 
2.1 Energy Consumption 
     We use the expression for the energy consumption of transmitting and receiving 1 bit data over a distance 
d as stated in [14]. We have used the analytical expression of total energy for the frame established in [13] is, 
        (1) 
3. Simulation Model 
The simulation is developed in MATLAB. In our simulation, parameters mentioned in Table 1 are used. 
1. 110 nodes distributed randomly across a plain area of 200x200 meters in the network of our 
simulation. The base station is located at position (100,300). The location of the base station has 
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significant impact on the realizable improvements in our discussion. With a great distance between 
the base station and the nodes, energy consumptions are high since quite a few amount of the energy 
is consumed by transmissions from cluster-heads to the base station. 
2. An energy source whose total amount of energy account 1 J at the beginning of the simulation is 
provided to each node. 
3. Every node is transmitting 200-bit message per round to actual cluster-head. 
4. P is the cluster-head probability which is set to 0.05 – about 10 nodes per round become cluster 
heads. 
5. The path-loss exponents are set to 2 and 2.5 for intra-cluster communication and transmissions to the 
base station respectively. 
6.   The collected data is compressed by cluster-heads to 5 % of its original size. 
Table1: Simulation Environment Parameters 
Parameters Notation Value 
No. of  nodes in the field n 110 
Network size/Field size Xm*Ym 100m*100m 
Base station location(coordinates of the sink) (Sink. X, Sink. Y) (50,50) 
Radio amplifier energy  10 pJ/bit/m2 
 0.0013 pJ/bit/m
4 
The Initial Energy Range: Nodes energy are heterogeneous E0 1 J 
Optimal Election Probability of a node: CH proportion p 0.1 
Data Aggregation Energy EDA 5 nJ/bit 
Values for heterogeneity m 0.1 
Maximum Number of Rounds rmax 10000 
Radio Electronics Energy Eelec=ETX =ERX 50 nJ/bit 
Length of data packets - 4000 bits 
4. Results and Discussions 
The main parameters of the simulation framework are set as shown in Table 1. 
In Fig. 4, nodes death time is shown as a function of the number of rounds. It is observed that the first 
node death occurs at the 2032nd round. The past research work on LEACH tells us that the first node death 
occurs at 542nd  round [8]. Therefore, it is to say that the first node death time is extended. 
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Fig.4 No. of dead nodes vs. No. of rounds                              Fig.5 No. of allive nodes vs. No. of rounds 
 
 
 
 
In Fig. 5, lifespan of alive nodes is shown as a function of the number of rounds. In this case, half of node 
dies at the 3043rd round whereas past research tells us that half of node dies at 655th round [8], therefore, the  
. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 Fi6 No. of cluster heads vs. no. of rounds                                         Fig.7 Energy consumption of cluster head vs. no. of rounds     
improved LEACH protocol elongates the death time. All nodes death time is 3439th round whereas 1251st   
round as per previous research work [8]. All these result show that the modified version of LEACH protocol 
can lengthen the network life effectively and has effective convergence. 
In Fig. 6, the number of allive cluster head is shown as a function of number of rounds. All the cluster 
heads are dead after 4000 rounds.  
In Fig. 7, the energy consumption of cluster head is shown as a function of number of rounds. Modified 
version of LEACH algorithm reduces the energy consumption of few cluster heads which has low energy or is 
far away to sink (base station) by positioning secondary cluster heads fairly. This equitable the energy 
consumption of the total networks, prolonged the lifespan of cluster heads which may die in advanced and 
optimized the performance of the network, therefore, reduces the total energy consumption of the effective 
lifecycle           
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5. Conclusions 
In this paper, we develop a simulation testbed for performance analysis of LEACH protocol in cognitive 
femtocell networks. As cluster heads are electing randomly, therefore, there may be some cluster heads of less 
energy or their location from BS may be far, resulting in the cluster heads die quickly. An improvised version 
of clustering-based LEACH protocol that minimizes residual energy usage by the load to all the nodes at 
different points in time which equitable energy consumption of the total network and lengthening the network 
life by balancing the energy consumption of these cluster heads.  
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